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Abstract: We develop, in this paper, a systematic approach to be applied for matching/tuning N- 
port symmetric antenna system whose design is based on the characteristic modes of a device. The 
approach uses conformal mapping techniques and allows us to study the feasibility and possible 
implementation of a “Joint matching” to simultaneously match several radiation modes. The 
approach helps to conclude about the available modes that could be physically matched and to 
decide about possibly making some amendments on the antenna design. It renders the tuning range 
of elements of the tunable matching network.Theoretical derivation is supported by the measured 
scattering parameters of a MIMO antenna system operating in the range[470; 790] MHz. 
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Some designs of MIMO antennas based on CMs 
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Superposition of CMs 
[Lund] 


CC, 


Joint excitation 
[this work] 


MIMO antenna solution depends on: 
@ Chassis shape (handheld, CPE, laptop,...) 
@ Number of antennas 





ICE @ Frequency range (narrowband, 
ICE tunable/reconfigurable) 
Selective excitation [Kiel] @ Instantaneous Bandwidth (BW) 
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Symmetric Multiport antenna 


A multiport antenna is called symmetric if its scattering matrix, Sa, 
remains unchanged after a permutation of port indices, i.e. 


PSAP =SA 


P, permutation matrix, and SA have a common basis of eigenvectors 
Matrix of radiation modes, V, verifies: 


V'V-I 
Implication of symmetry 


The symmetry property with respect to S-matrix leads to frequency 
independent radiation modes and simplifies the design of Decoupling 
Network (DN). 
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Comparison of Multi-port Matching approaches 
Su Sp 





(a) 


+ Match each mode individually 


+ Higher modal efficiencies 
— Degradation of DN performance 4 Suitable for wideband 
because of mismatch application 
— Practicality of Matching ie I MIN 
Network (MN) design Post-matching is possible 





— Trade-off matching solution 
— Increase of losses 
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How to match simultaneously different Modes? 





Application subject to the condition 
-5 IT; = I; | < daia 


Tr: modal reflectance of a 
zi given radiation mode 


But ... 
Up to which difference level? | 
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Matching at couplers in N-port symmetric antenna 
(a) Sm Sp 





T = RT _ 0 V _ SM11Í sM121 
Vivel, T=V'SaV, Sn = (yr o): amd Sus (NG 


Proposition 


Under the stated condition on permutations of an N-port symmetric 
antenna system, matching at coupler ports is equivalent to applying 
the same matching to each single mode . 
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Simultaneous Matching of N-modes 
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Tuning of Antenna systems based on CMs 


Match the N modes 
simultaneously to a 
given return loss level 


Modal reflectances vary 
over frequency 


Tunability is required for 
a wide frequency range 
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Step l: Feasibility Criterion 


Lossless and reciprocal 2-port MN 
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SM21 
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SM12 
modal reflectance modal reflectance 
at feed ports at antenna ports 
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F(z) is a Mobius transformation 
and is equal to its own inverse 
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Mapping circles to circles 
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Load and Matchable zone parameters 








Mapping of a load in the SMITH - 


Chart to a circle of the minimum 
required return loss 











C: distance (SMITH-Chart center - 
matchable circle center) 


R: Radius of matchable circle 
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Matching Limitations 


il 
Result: -R404+R(2+p)-1-0 





6 dB return loss 


circle radius R —> 
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Present example, modal reflectances of 4 modes 
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* 
To = SM22 


sM22 results from the 
optimization of MN for 
the 4 modes 


Simultaneous matching 
is not feasible for 4 
modes. 
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Present example, modal reflectances of 3 modes 
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To = SM22 
sM22 results from the 


optimization of MN for 
the 3 modes 


Simultaneous matching 
is feasible for 3 modes. 
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Step Il: Matching network specification 


Input: Modal reflectances in the 
considered frequency range 








Optimization criterion: Minimization 


Root Mean Square (RMS) of 
modal reflectances 
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Optimum parameters (r, $2) 


over frequency 
Output: Frequency dependent 


scattering matrix of MN 
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Step III: Topology of 2-port Matching Network 
Step Ill: Find the Topology of 2-port Matching Network 


@ Determination of MN topology from the locus of “average” modal 
reflectance Io in the SMITH-Chart. 


6dB 


circle 
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Step IV: Tuning Elements 


Step IV: Determine the Range of Tunable Elements 


@ Optimum s-parameters of the MN for the chosen topology. 
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Step IV: Tuning Elements 


Step IV: Determine the Range of Tunable Elements 
@ Optimum s-parameters of the MN for the chosen topology. 


e Determination of tuning range of tunable elements. 
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Hardware Realization 





tunable 







Í decoupling 
matching network 
network 
(5x) 
overall assembly 
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Hardware-in-the-loop optimization 


























4-port VNA p7 
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ecoupling uC 


network SPI 
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USB 


Find Final tuning tables for 40 x 40 Time-Division Duplex (TDD) and 
Frequency-Division Duplex (FDD) channels by a hardware-in-the-loop 
optimization 
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Measurement Results - TDD scenario 





Measured reflectance over 40 
bands of 8 MHz each 


Tuning applied separately in 
each band 














Most segments inside 6 dB 
return loss circle 
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Application and Results 








Measurement Results - scenario 

RMS return loss over all 4 modes for 40 x 40 pairs of 8 MHz RX/TX channels 
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Measurement Results - FDD scenario 


Minimum TX to RX isolation at TX frequency 
for 40 x 40 pairs of 8 MHz RX/TX channels 
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Conclusion 
Conclusions 


@ Study the feasibility of simultaneous matching of modes sharing 
the same couplers 
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Conclusion 
Conclusions 


@ Study the feasibility of simultaneous matching of modes sharing 
the same couplers 


ə Use conformal mapping techniques to help designing the TMN 
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Conclusion 
Conclusions 


@ Study the feasibility of simultaneous matching of modes sharing 
the same couplers 


ə Use conformal mapping techniques to help designing the TMN 
@ Measurement results back the theoretical derivations 
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Conclusion 
Conclusions 


@ Study the feasibility of simultaneous matching of modes sharing 
the same couplers 


ə Use conformal mapping techniques to help designing the TMN 
@ Measurement results back the theoretical derivations 


@ Complexity of TMN depends on the difference of the modal 
impedances 
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Abbreviations | 

CM Characteristic Mode 

CMOS Complementary Metal-Oxide-Semiconductor 
DTC Digitally Tunable Capacitor 

FDD Frequency-Division Duplex 

MIMO Multiple Input - Multiple Output 

TDD Time-Division Duplex 
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